The aim of this study was to investigate the differences that are present between apoptosis in symptomatic (with symptoms of cerebral ischemic attack) and asymptomatic carotid atherosclerotic plaques. The apoptotic process in macrophages and smooth muscle cells was evaluated. Cellular markers and products of immune cells in symptomatic and asymptomatic atherosclerotic plaque and endoarterectomy specimen were analyzed by immunohistochemistry. No statistically significant differences were present regarding the mean SMC actin-positive area. Using double staining of a-smooth muscle actin and TUNEL techniques, the number of smooth muscle cells in apoptosis was statistically higher in symptomatic plaque as compared with asymptomatic plaque. Statistically significant differences (p=O.009) were also found in the CD45-positive cells in the inflammatory infiltrate. The CD68-positive macrophages showed statistically significant differences (p=O.OOOl). Similarly, the double staining with CD68 and TUNEL revealed that apoptotic macrophages were mainly present in asymptomatic plaques rather than symptomatic plaques. Statistically significant differences (p<O.OOl) were found in the Bcl-2 expression, with higher values in asymptomatic plaques. Our data showed that the increase of the inflammatory cells contributes to plaque instability and that death due to apoptosis of smooth muscle cells in symptomatic plaques could contribute to their destabilization and explains their tendency to fracture.
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Atherosclerosis is a multifactorial disease of the arterial intima that involves several gene products including lipoprotein receptors, adhesion molecules, growth factors, cytokines, matrix metalloproteinases and proteins associated with cell death (1) . Inflammatory processes play a pivotal role in the pathogenesis of atherosclerosis, particularly in the progression of atherosclerotic plaque toward instability (2) . Composition and stability of the plaque are the main determinants of the complications of atherosclerosis (3) . Rupture of the carotid artery plaque is the main source of microemboli in high-grade internal carotid artery stenosis, however, the mechanisms underlying plaque rupture are unclear (3) . The biological cascades that lead to carotid artery plaque disruptions and symptoms are largely unknown (4) . Characteristic features of unstable plaque are surface ulceration, plaque rupture, thinning of the fibrous cap, and the infiltration of the cap by greater numbers of macrophages and T cells (5) . Ruptureprone lesions typically contain a large lipid core underlying a thin, collagen-poor fibrous cap, and usually have prominent inflammatory infiltrates of macrophages and lymphocytes (2) . Morbidity and mortality from atherosclerosis is largely due to type IV and type V lesions in which disruptions of the lesion surface, haematoma or hemorrhage, and thrombotic deposits have developed. Type IV or V lesions with one or more of these additional features are classified as type VI and may also be referred to as complicated lesions (6) . Plaques that are prone to rupture have a thin fibrous cap with a decreased number of smooth muscle cells (SMCs) and a dense infiltration of macrophages (7) (8) (9) . A higher percentage of apoptotic nuclei and a thinner fibrous cap is present in symptomatic than in asymptomatic plaques (4) . The stability of the fibrous cap results from a balance between synthesis and breakdown of collagen fibers (3) . Collagen fibers types I and III, which are responsible for the tensile strength of the cap, are synthesized by SMCs (4) . Decreased collagen synthesis because of SMC loss may also be important in weakening the fibrous cap; however, relatively few studies have been performed on the mechanisms of SMC death in the atherosclerotic plaques, and the identification of the factors that induce apoptotic cell death in human atherosclerotic plaques is largely unknown. Recently, the role of cell loss and apoptotic cell death in the progression of atherosclerosis has received renewed attention in literature, and apoptosis has been identified as a prominent feature of advanced human atherosclerotic plaques (1, (10) (11) (12) (13) (14) (15) (16) . In particular, the significance of apoptotic cell death of macrophages or SMC can be extremely different (4) . In fact, the loss of macrophages by apoptosis could have a positive effect on plaque stabilization, leading in tum to decreased breakdown of collagen fibers (8) .
In contrast, the disappearance of SMCs from the fibrous cap or from the shoulder level in the plaque could contribute to a weakening of the structure of the plaque (8) . The precise signaling pathways of apoptosis in plaques are unknown (17) . Apoptotic cells within plaques are typically macrophages, smooth muscle cells and T-cells, and the frequency of death varies in the different regions of the lesion (17) .
In recent years, the detection of DNA fragmentation with the terminal TdT-mediated dUTP-biotin nick-end labeling (TUNEL) technique or in situ nick translation has become a standard technique for identifying apoptosis in tissue sections (13) . This technique is particularly helpful in diseases, like atherosclerosis, that are characterized by low levels of cell replication and cell death (13) .
The aim of this research was to analyze the cellular composition and the occurrence of apoptosis in symptomatic and asymptomatic plaques, to evaluate the potentially different distribution of apoptosis in macrophages and in smooth muscular cells, and then find out whether this phenomenon was correlated with plaque instability.
MATERIALS AND METHODS

Patients
We studied 46 subjects (23 males, 23 females; mean age 72 years) enlisted to undergo carotid endarterectomy for extracranial high-grade internal carotid artery stenosis (~70% luminal narrowing). (Table I) The study was approved by the local Ethics Review Committee, and the investigation conformed with the principles outlined in the Declaration of Helsinki. Informed consent was obtained from all patients. Two predetermined equal groups of 23 patients with clinical evidence of plaque instability were recruited. All patients were symptomatic or asymptomatic according to the North American Symptomatic Carotid Endoarterectomy Trial Classification (NASCET) (18) . The first group included 23 patients who presented with symptoms of cerebral ischemic attack. Endarterectomy was performed 10-40 days after the onset of symptoms in these patients. The second group included 23 patients who had an asymptomatic carotid stenosis. Percentage of carotid diameter reduction, procedural methods, concomitant therapy, and risk factors did not differ between the two groups (Table II) . By the time of surgery, all patients were taking chronic aspirin therapy (100 mg/daily). The carotid endarterectomy specimens were cut longitudinally and at shoulder level.
Immunohistochemistry
Cellular markers and products of immune cells in carotid artery endarterectomy specimens and control tissues were analyzed by immunohistochemistry with monoclonal and polyclonal antibodies. The following primary monoclonal and polyclonal antibodies were used: monoclonal mouse: anti-a-SMC actin (1:100 BioGenex, San Ramon, USA), CD-68 anti macrophage (1:100 Dako), anti-LCA (common leukocytic antigen CD 45) (1:100 BioGenex, San Ramon, CA,USA), anti-Bcl-2 (1:100 BioGenex, San Ramon, CA, USA), anti-Bax (1:150 Santa Cruz, Santa Cruz, CA, USA), anti-CD3 (1:15 BioGenex, San Ramon, CA, USA), anti-CD20 (1:100 BioGenex, San Ramon, CA, USA) and polyclonal rabbit: anti-Bcl-x (1:50 Santa Cruz, Santa Cruz, CA, USA).
All cases had been fixed in formalin (10% neutral buffered formalin), decalcified with an EDTA + HCl solution and embedded in paraffin. All the hematoxylineosin-stained sections were reviewed. The quality of the material was checked, and slides for the quantitative evaluation were selected. Irnmunostaining was performed using the strep-ABC(streptavidine-biotine-peroxidase) method. Three urn sections were cut and mounted on po1y-L-1ysine-coated slides. Paraffin sections were dewaxed by xylene, rehydrated, and finally washed in PBS (pH 7.4) for 10 mins. In order to unmask antigens, a microwave oven and 2.1% citric acid, with the following antibodies -Bcl-2, CD3, CD68, Ki67, was used. A pretreatment was used only for these antibodies. The following steps were optimized by automatic staining (Optimax, BioGenex, San Ramon, CA, USA). Sections were incubated with primary antibody for 30 minutes at room temperature. Slides were rinsed in buffer, and immune reaction was completed with the Strep-ABCperoxidase method, using the "Super Sensitive immunodetection system" kit by BioGenex (San Ramon, CA, USA) and using a multi-link as a secondary biotynilated antibody. After incubation with a chromogen using "Liquid DAB Substrate Pack" by BioGenex (San Ramon, CA, USA) the specimens were counterstained with Mayer's hematoxylin and covers1ipped.
In Situ End-Labelling ofDNA Fragments (TUNEL)
Limited fragmentation of genomic DNA occurs as a result of apoptosis. To evaluate the numbers of cells with such damage to genomic DNA, we performed in situ labeling of DNA fragments using TUNEL with an Apop Tag in situ apoptosis detection Kit. Briefly, sections were deparaffinized, rehydrated, treated with Proteinase K, 20 ug/m1 (15'RT), washed in distilled water and then 2% volume of H 202 for 5 minutes. They were preincubated with a TdT buffer solution and CoCI for 5 mins RT.
Incubation followed in TdT 0,3 Vlul + TdT buffer in a humid chamber at 37°C for 60 mins. The fragments were washed in PBS and incubated with Streptavidin-biotin perioxidase complex for 45 min. RT. Finally, washing and coloring with diaminobenzidine (DAB) was conducted for 5 min.
DAB was used as the substrate for peroxidase, yielding a brown color in nuclei. The sections were viewed under light microscopy. For each section, the cells of 10 contiguous fields were counted independently by 2 investigators, and their observations were averaged. Apoptotic index was determined by the 100X formula (number of TUNEL-positive cell nuclei/total number of cell nuclei). The specimens were analyzed by an expert pathologist with no knowledge of the patient's diagnosis. To identify cell types undergoing apoptosis, a double staining was performed by combining TUNEL and immunohistochemistry for CD68 and aSMC actin. Subsequently, DAB instead of AEC, was used as a chromogen. Tonsils were used as a positive control.
Quantitative Analysis: CD3 positive T cells and CD20 positive B cells were counted individually and expressed as the number of cells per mm-section area, as determined by computer-aided planimetry (see below). This approach was not feasible in the case of macrophages, SMCs, and apoptotic cells that were often present in dense, nearly confluent infiltrates, making the delineation of individual cells impossible. Instead, we determined the area occupied by CD68positive, a-actin-positive, Bcl Z-positive, Bc1-x positive and Bax-positive cells p1animetrically and calculated the percentage of macrophage-rich, SMC-rich, and apoptoticrich areas. Analysis of all immunohistochemistry experiments was performed with a personal computerbased quantitative 24-bit (16.2 million unique combinations) color image analysis system. In brief, electronic images were digitized with a Leica (Solms, Germany) CCD DCl 00 color video camera into a 1 K x 1 K image buffer of the A1phaEase 5.02 image analysis system (Alpha Innotech Corp., San Leandro, CA, USA). A color threshold mask for immunostaining was defined to detect the red color by sampling, and the same threshold was applied to all specimens. The percentage of the total area with positive color for each section was recorded and analyzed with a computer based image analysis system (Alpha Ease 5.02, Alpha Innotech Corp. San Leandro, CA, USA).
Statistical Analysis
Clinical and histological variables were compared by "chi" square test. Difference in enzyme expression and inflammatory infiltrate were analyzed by Student's test. Statistical significance was indicated by p< 0.05. All calculations were performed using the SPSS 10.0.S computer program.
RESULTS
Histological analysis
All plaque specimens, both symptomatic and asymptomatic, showed signs of deformation along the arterial wall and also showed an increase in the average width of the wall. The inner part of the vascular wall had an increasingly diffused loss of endothelial cells. There was an increase in width with decreasing numbers of smooth muscular cells and a noticeable decrease in cohesiveness among the cells. All the plaque were type V and VI and contained connective fibrous tissue, which formed the fibrous atheroma.
The major histological features are summarized in Table II: The ulceration was much more common in symptomatic (16/23) than in asymptomatic plaques (7/23) (p=0.010).
The lumen thrombus were equally common in symptomatic (6/23) as in asymptomatic plaques (5/23) (p=0.834 ns).
Intraplaque hemorrhage was similar in symptomatic (12/23) and in asymptomatic plaques (10/23) (p=0.579 ns).
Fibrous cap: The unstable plaques had a thin fibrous cap while the stable plaques had a thicker fibrous cap. The volume of the cap (fibrous tissue percentage of plaque) in asymptomatic plaques was 84±10 % while in symptomatic plaques was 64±8% (p=0.0001).
Necrotic core appeared to be similar in symptomatic and asymptomatic patients, with no significant difference in frequency or size. It was present in 20/23 of symptomatic plaques and in 19/23 of asymptomatic plaques (p=0.822 ns). Quantitatively, necrosis was more frequent in lesions associated with symptomatic plaques 20±11 vs 12±1l necrotic cellsl total cells (p=0.018).
Fissures: fissures number at shoulder regions was more frequent in symptomatic plaques (7±4 vs 3±2 p=O.OOOl).
The average cellularity was similar (280±150 cells/rum' in symptomatic plaques vs 330±160 cells/mm-in asymptomatic plaques; p=0.280 ns).
Inflammatory infiltrate
Immunohistochemisty showed the presence of an inflammatory infiltrate in all specimens examined, however, it was more evident in symptomatic plaques. Inflammatory infiltrate was mainly present at the shoulder level, an area which was more prone to fracturing. The inflammatory cells, marked with CD45 ( Fig. 1) , showed a mean percentage of positivity of 4.9±1.44 in the cases of asymptomatic plaques, and 12±6.8 in the symptomatic plaques. The CD 20 positive B lymphocytes showed a mean percentage of positivity of 3.66±2.45 in the asymptomatic plaques, and 7.92±4.69 in the symptomatic plaques presented. The CD 3 positive T lymphocytes presented a mean percentage of positivity of 8.19±2.29 in the asymptomatic plaques. In the symptomatic plaques the mean percentage of positivity was 1l.92±5.67.
Numerous foam cells of macrophage origin were found surrounding the necrotic cores, as demonstrated by their immunoreactiviy for CD68 ( Fig.2) with values of 10.52±2.44 in the asymptomatic plaques and 16.53±3.9 in the symptomatic plaques. The results are summarized in Table III .
Smooth muscular cells
Immunoreactivty was tested via the a-SMC actin antibody (FigJ) . The mean percentage of positivity for a-SMC actin compared with the total area was 20.62±3.93 in the asymptomatic plaques and 18±2.7 in symptomatic plaques. 
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Apoptotic markers Cells in apoptosis identified with Bax (proapoptotic protein) had a mean percentage of positivity of 23.28±3.9 in asymptomatic plaques; in symptomatic plaques, the positivity was 22.3± 11.56.
On the other hand, the cells in apoptosis identified with Bc1-x (anti-apoptotic protein) showed values of positivity of 21.47±4.29 for asymptomatic plaques, and 21.3±2.56 for symptomatic plaques. A mean percentage of positivity of 8A6±2.56 was found for symptomatic plaques, while the positivity was 12± I In asymptomatic plaques.
TUNEL and double staining
Additionally, the cells underwent double staining I) with TUNEL and a-SMC actin, and 2) TUNEL and CD68 (FigsA-5). In the asymptomatic plaques, the SMCs had an apoptotic index of 0.8%± 0.03 (Table III ). In the symptomatic plaques, the SMCs had an apoptotic index of 5.24%±1. Regarding the CD68 positive cells, 5%±0.6 of the cells were Fig. 1 . Immunoreactivity in inflammatory cells tested with CD45 antibody (20X). TUNEL positive in the asymptomatic plaques, while, 2%±O.5 of the cells were TUNEL positive in the symptomatic plaques.
DISCUSSION
The natural histories of equally severe symptomatic and asymptomatic carotid stenoses are very different, and this fact suggests a dichotomy in plaque behavior (19) (20) . A considerable amount of scientific research (10, (12) (13) has demonstrated the importance of cellular apoptosis in atherosclerotic lesions in healthy blood vessels; however, no evidence has linked apoptosis with plaque instability (10, (12) (13) : therefore, the aim of this study was to investigate the differences that may be present in apoptosis in symptomatic and asymptomatic plaques. In addition, the apoptotic process in macrophages and SMCs was studied (15) (16) 19) . The plaque contains monocyte-derived macrophages, SMC and lymphocytes. Interaction between these cell types and the connective tissue appears to determine the development of the plaque, including important complications, such as plaque rupture. Whether a correlation exists between cellular apoptosis and stability or instability of plaque was also studied.
Literature indicates that a decrease in SMC at the fibrous capsule level leads to its instability (13) . Our study did not reveal statistically significant differences regarding the content of SMC in symptomatic and asymptomatic plaques. However, Fig. 5 . Cells in apoptosis identified by TUNEL method. (20X).
using double staining via a-SMC actin and TUNEL, the number ofSMC undergoing apoptosis was found to be statistically higher for symptomatic plaques as compared with asymptomatic plaques. Our results with TUNEL assay support those of Dhume et al. (4) who reported that apoptosis in vascular smooth muscle cells from plaques in patients with symptoms of carotid artery stenosis was greater (5.45%) than in asymptomatic plaques 1.20%. Death due to apoptosis of SMC in symptomatic plaques could contribute to its destabilization and explains its tendency to fracture. Furthermore, we took into consideration inflammatory cells marked with CD45. Statistically significant differences (p=0.009) were found for the CD45 inflammatory infiltrate with higher values in symptomatic plaques. This data showing an increase in the CD45 positive inflammatory cells supports previous research findings that an increase contributes to plaque instability (19) (20) . We also evaluated the expression of proteins regulating apoptosis in both symptomatic and asymptomatic plaques. No statistically significant differences were found in the expression of Bax and Bcl-x between symptomatic and asymptomatic plaques. Statistically significant differences (p<0.00I) were found, however, in the Bcl-2 expression with higher values in asymptomatic plaques. These data showed that there is a link between apoptosis and plaque stability. In a vein graft atherosclerosis study (20) , which is considered a form of accelerated human atherosclerosis, a clear association between accumulation of foam cells and SMC necrosis in the fibrous cap was observed. These findings support those published by Imai and Tomas (21) 25 years ago in which diet appeared to induce lesion in cerebral atherosclerotic plaques in swine. These authors studied the induced atherosclerotic lesion extensively by transmission electron microscopy and found SMC death in the plaque (21) .
In this light, SMCs in atherosclerotic plaque could be programmed to die and one of the macrophage-derived factors may be capable of completing the programmed SMC death. This possibility is suggested by the finding that SMCs taken from atherosclerotic plaque, but not from the media, die when brought into culture (13) .
The onset of apoptosis can derive from multiple stimuli including Fas-ligand that bonds with Fas, a receptor on the surface of the cell. Subsequent recruitment of death domain proteins (FADD, TRADD, RIP) are required for caspase-8-activation, which initiates the lethal proteolytic cascade (22) . We did not evaluate the Fas-ligand in our study, despite its role as an important mediator released by macrophages, contributing to death as a result of apoptosis in SMCs. One obvious difference between the human and animal prototypes, is that atherosclerotic plaque of animals is less likely to fracture compared to that of humans. Our study demonstrates that apoptosis of SMCs, due to substances released by macrophages, influences the breakdown of plaque.
Recently, a strong downregulation in apoptosis-linked gene 2 (ALG-2) was found in advanced atherosclerotic plaques of carotid endarterectomy (1). This downregulation could represent a novel anti-apoptotic strategy of macrophages in human plaques (1). Kato et al. (23) reported that nuclear accumulation of p2l WAF 1 plays a role in the cell death of immortalized smooth muscle cells. Van der Thusen et al. (24) have demonstrated a potential role of p53-induced atherosclerotic plaque remodeling. This increased loss of SMC as a result of apoptosis in symptomatic plaques may result in plaque rupture, leading to development of symptoms (4) (5) . Moreover, infiltration of inflammatory cells in carotid plaques may be a critical step in promoting plaque rupture and resultant embolization or carotid occlusion (5) . In vitro studies suggest that macrophages and T cells release cytokines and proteinases, which stimulate breakdown of the cap collagen and SMC apoptosis and, thereby, promote plaque rupture (5) . Given the role of apoptosis in man, in development and in the stability of plaque, future research might identify drugs that could induce apoptosis of macrophages or reduce apoptosis of SMCs, thus stabilizing plaque (25) .
